This research was carried out to investigate the effects of sintering temperature on the properties of Sn-4.0Ag-0.5Cu-1.0Ni solder alloy by varying the temperatures. The Sn-4.0Ag-0.5Cu-1.0Ni solder alloy was prepared by using powder metallurgy method by press and sinter routes. 99.9% of pure Sn, Ag, Cu and Ni powder were used in this research where the pre-mixed powder undergoing milling process for 6 hours using a planetary ball machine. Hydraulic press machine was used to compact the solder powder at identically 5 tons(125 bars) for all samples. Five different temperatures of sintering specifically at 120℃, 150℃, 180℃, 220℃ and 250℃ were used. Characterizations on the microstructures such as grain size, thickness of intermetallic compound and, wettability angle were carried out using Scanning Electron Microscopy. Meanwhile, properties of the solder alloy were also evaluated through hardness and tensile test. It is expected that sintering process could be able to improve the strength of the solder joint by decreasing the intermetallic compound grain size. So far, most papers commonly used 180℃ as their sintering parameter without anyone providing the promising findings and various effects of the temperature onto solder. Therefore, this work is conducted to make a clarification and be the pilot study for the next sintering works for soldering. This paper reports experimental results of properties of Sn-4.0Ag-0.5Cu-1.0Ni solder alloy at different sintering temperatures.
Introduction
Electronic industries are booming the world market as the technology and gadget being the most crucial part in human life in this 21 st century onwards. While these sector growing rapidly, it has driven a high demand of superior quality of electronic devices from the consumers across the world at any applications. As a matter of fact, soldering is one of the most necessity electronic systems to ensure the favourable performances of the devices to fit with basis or extreme environment applications such as military and oil production. To fulfil the work, solder with significant properties had to be carefully chosen.
Previously, Sn-Pb solder is widely accepted to the electronic system owing to its low melting point and better mechanical properties but due to health and environment concerns by Waste Electrical and Electronic Equipment (WEEE) Since heat and temperature is the major discussion in this work, conventional sintering process from Powder Metallurgy(PM) method has been used to study the effects of different sintering temperatures on the microstructure and mechanical properties of Sn4.0Ag0.5Cu-1.0Ni solder as no one reported before. Sintering is one of the heat treatment processes that purposely use the heat to enhance the strength of a compacted body by forming bonds(necking mechanism) between the particles, usually to a 60%-90% of the melting point of the main material in an amount of time [4] [5] [6] .
As the sintering temperature increasing, speed oxidation will happen and form numerous pores between particles and this situation may lead to weaker mechanical properties but not if supported by protective gas such as inert hydrogen and argon gas [7] . Therefore, this study is conducted to enlighten the research area on the effects of different sintering temperatures on the microstructure and mechanical properties of Sn4.0Ag0.5Cu-1.0Ni solder without any precautionary gases.
Experimental procedures
Sn-4.0Ag-0.5Cu-1.0Ni solder alloy was prepared using 99.9% of pure powder. They were then pre-weighted according to the wettability percent and preceded throughout the stages of Powder Metallurgy routes. Using a planetary ballmill machine with 1400rpm, the pre-alloy solder was milled for 6 hours non-stopped to achieve a uniform distribution powder. It was then taken out to re-weight into 1.5g for microstructures, hardness, SEM, EDX, IMC thicknesses and wettability angle analyses while 0.7g for lap-shear test, a set for each sintering temperatures. Compaction process were then took place using a hydraulic press machine (Specac-UK model of GS15011). A constant pressure of 5 tons was exerted onto all weighted powder and waited for 2 minutes to set the pellet. They were then sintered according to 120℃, 150℃, 180℃, 220℃, 250℃ using furnace (N 11/H model) with no specific gas and allowed for slow cooling. After that, all samples were subjected to characterization in order to determine the grain size, thickness of intermetallic compound and wettability angle using Scanning Electron Microscopy-Energy Dispersive X-ray (SEM-EDX). Besides, mechanical properties of the solder alloy were determined using hardness and single lap-shear test, following ASTM standard of B933-09 and ASTM D1002 respectively.
Results and discussion

Microstructure Analysis
Each sample in Figure 1 (a),(b) and (c) were loaded with Sn-based as the grain boundary of solder( -Sn) as well as the solder matrix(β-Sn). This is due to crystallization of Sn which appeared darker and lighter for -Sn and -Sn accordingly.
-Sn keen to prevent grain growth and dislocation slip between particles while -Sn helps to reinforce and provide better mechanical properties to the solder [8] . It is proven by some literatures that -Sn and reinforcement from the Ni could improve the hardness, tensile strength and wettability angle of solder alloy [8] [9] [10] [11] . Both figures show the grain boundaries and solder matrix on the top surface of sample at 120℃ and 250℃ sintering temperatures. Based on the images, less or no necking mechanism occurred on the 120℃ sample as the temperature is too low from the melting point of Sn-4.0Ag-0.5Cu-1.0Ni solder alloy but visible necking mechanism could be seen at 250℃ sample. However, as high as 250℃ of sintering temperature is used (Figure 1c ), more pores were shown up and this pores will lead to a weaker strength of solder alloy as pore will filled with oxygen that could make the solder brittle [12] . Figure 2 shows the macroscopic image of all samples after went through their respective sintering temperatures. 
Wetting angle analysis
Wettability in solder is clarified as the ability of molten solder to spread over its substrate and creating angle at the interconnection. It is one of the vital solder properties to ensure the solder reliability and the degree of wettability can be determined by measuring the contact angle of molten solder alloy and its substrate. Thus, it is call as wetting angle [13] .
Ordinarily, a low wetting angle and large wetting area are sought after at a solder joint. This is because, a low wetting angle means the higher wettability that solder has. Lots of authors have classified the wettability range of solder but a very good wetting angle range between 0°<θ<30°[3, 14, 15] . Wetting angles of Sn4.0Ag0.5Cu-1.0Ni solder alloy with varying sintering temperatures is shown as in Figure 3 . The wetting angle depicted a decreasing trend until 180℃ before its start increasing at 220℃ and down again to lower angle at 250℃.It can be said that all sample that going through different temperatures shows a well spread on Cu board since they lined up in the very good range of wetting angle which has mentioned just now. 
Interfacial microstructures
Intermetallic compound(IMC) is defined as stoichiometric combination of two or more metals which their fraction of atomics have been predetermined. They can be considered as bad entities as its excessive amount could lead to joint embrittlement and weaken the strength of solder but without them the soldering process and material used might be spoiled somewhere [16, 17] . Figure 4 (a) and (b) below show the microstructure of Sn4.0Ag0.5Cu-1.0Ni solder sintered at 120℃ mainly comprised of two different intermetallic compounds labelled as Cu 6 Sn 5 and Ag 3 Sn. As expected, those two eutectic structures have appeared at the interfacial layer as the SnCu atom has high diffusion in Sn matrix which they are also the primarily features of SnAgCu solder on Cu substrate [18] .
However, there are no traces of Cu 3 Sn or Nibased IMC in the SEM and EDX analysis since all samples were not going through aging treatment and proven that Ni has inhibited the growth of Cu 3 Sn [19, 20] . All samples in this work depicted the same IMC appearances for all different sintering temperatures. Hence, sintering temperatures used in this work did not much affecting the IMC growth pretty much because of the presence of Ni. 
Thickness of IMC
Thickness of IMC represents the solder joint reliability, solder strength and amount of reaction in solder [18] .Thus, the calculation to determine the average value IMC thickness is done particularly and plotted as in Figure 5 .
Thickness of IMC at 120℃ started with a quite high value before showing fluctuate trends over the increasing sintering temperatures. This is a major failure value of sintering temperatures because the thickness is the highest and may lead to solder brittleness [21] .
The decreasing value at 150℃ can be correlated to the diffusion of Ni element as Ni can inhibit the Cu and Sn atom interdifussion thus lowering the IMC thickness and make it the optimum value of IMC thickness [22] .But the trend become increasing at 180℃ and 220℃ due to the fact that Cu particle dissolved faster at high temperature and the IMC were growing rapidly [23, 24] .
At 250℃, the value of average IMC thickness shows low value but this sintering temperature does not take into account in this paper as it is beyond the sintering temperature for SAC solder. 
Microhardness
The influence of sintering temperature onto hardness of solder is presented in Figure 6c .It showed a decreasing trend of solder hardness from 120℃ until 180℃ before it started to rise up to 10HV at 250℃.
The decreasing trend proved that by increasing the sintering temperature, the refinement of solder grain have occurred where the particles tend to rearrange and diffused between each other thus reducing the hardness value [25, 26] .In this study, particles at 180℃ had the finest structures and smallest dislocation slip in the solder grain.
However, an abrupt value transpired at 220℃ and 250℃ as both temperatures became the factor of solder hardening due to reinforcement density and low porosity residual of solder [27] .Actually, pores that fully covered the solder at 250℃ (as in Figure 1c) were just deposited at the outer side of solder while microhardness analysis was tested at the center of solder pellet where less pores are visible(see Figure 6b ).
Hardness and microstructure evolution of those high temperatures can be attributable as in Figure  6a and 6b below. Here, it can be clearly seen that the sintering temperatures at 220℃ and 250℃ has made the hardness increased in value. This situation is corresponded to the necking mechanism which started at ≥180℃ as depicted in Figure 1 
Tensile Stress at Tensile Strength
It is interesting to note that the trend of tensile strength graph (Figure 7 ) is similar to the IMC thickness graph (Figure 5 ). But this is an overturn situation of solder mechanism where it is supposed to be the thicker the IMC, the lower the strength of solder and vice versa. This is due to the brittleness property that IMC has [1, 24, 28] .Therefore, an extensive study was done to elucidate this inappropriateness of circumstances.
Strength of solder not only depends on the thickness of IMC but it is also related to atomic bonding formed by necking mechanism from sintering process. As clearly seen in Tensile strength at 120℃ was showing slightly higher value than those at 150℃ even it had a higher IMC thickness. Care to notice that there was no atomic bonding that strongly joined the particles but there were probably amount of heat received by the solder pellet during reflow process that took into consideration. Figure  8(a,b,c,d,e) depicted the macrostructures of solder alloy pellet after reflow process showing the solder allot at 120℃ had bigger surface area of molten solder than the rest.
Along the 150℃, 180℃ and 220℃, the tensile strength here were supported by strong atomic bond formed from necking mechanism which helps the refined solder matrix and -Sn to hold each other. This in turn, has made the tensile strength risen up even though the IMC thicknesses were higher.
However at 250℃, even though the IMC thickness is low, but because of many pores located at outer side solder pellet, this has reduced the amount of solder joint strength. 
